INTRODUCTION
Tremendous genetic progress has been made in broiler growth rate (GR) and meat yield since the 1950s (Havenstein et al., 2003a,b) . Higher broiler GR is driven by higher rates of feed intake and metabolism, resulting in elevated internal (metabolic) heat production. Hot rearing conditions negatively affect high-GR broilers by hindering dissipation of the excessive internally produced heat and, consequently, may lead to a lethal elevation in body temperature (BT). To avoid heat-induced mortality, broilers acclimatize to hot conditions by reducing feed intake (Cooper and Washburn, 1998; Cahaner, 1999, 2001) , resulting in depressed GR and lower final BW (Cahaner, 2008, review) . Moreover, hot conditions specifically reduce breast meat yield and quality in modern broilers (Mitchell and Sandercock, 1994; Sandercock et al., 2001 ). The latter negative effect has become more important in the last decades, with increasing global consumption of carcass parts and deboned meat. However, the improved genetic potential of modern commercial broilers for rapid growth (with the consequent desirable reduction in time to marketing) and high yield of quality meat is not fully expressed under hot conditions (Cahaner, 2008) . Hot rearing conditions have been shown to lead also to poor meat quality [i.e., paler meat color and lower water-holding capacity (Sandercock et al., 2001) ].
The modern broiler industry continues to expand to hot-climate developing countries where climate control of broiler houses is lacking due to high installation and ABSTRACT The improved genetic potential of contemporary commercial broilers cannot be fully expressed under hot conditions that depress growth rate, decrease breast meat yield, and reduce meat quality. The negative heat effects are attributed to the insulating feather coverage, which, under high ambient temperatures (AT), hinders dissipation of the excessive internally produced heat. Accordingly, featherless broilers (sc/sc), their feathered sibs (+/sc), and contemporary broilers (+/+) were subjected to control AT (26°C) and hot AT (32°C) to test the hypothesis that lack of feathers contributes to higher breast muscle yield and better meat quality, especially under hot conditions, and that differences related to lack of feathers are related to cardiovascular capacity. In 2 similar trials, the superior genetic background of the contemporary broilers was manifested under control conditions; their mean BW was about 15% higher than the means of the featherless broilers and their feathered sibs. The hot conditions depressed BW of the 2 feathered groups by approximately 25%, with hardly any effect on featherless broiler BW. Breast meat yield (% of BW) in the featherless broilers was higher than in those with feathers, especially under the hot AT. Furthermore, the featherless broilers were characterized by superior meat quality as indicated by lower drip loss, lower lightness, and higher redness. The superior meat quality of the featherless broilers could be explained by their larger hearts and higher hematocrit values, suggesting superior cardiovascular capacity to supply oxygen and nutrients to the breast muscles.
On the practical side, the results clearly indicate that modern featherless broilers can reach normal BW, as well as yield and quality of breast meat, under hot conditions as well. It appears that broiler meat production in hot regions and climates can be substantially improved by introducing the featherless gene into contemporary commercial broiler stocks. This has become more feasible since the recent development of a simple DNA test to identify carriers of the recessive sc mutation.
operational costs and an unreliable supply of electricity. Moreover, even in temperate-climate developed countries, broiler production is negatively affected by heat, due to selection for higher GR and BW, which causes more heat generation by broilers (Sandercock et al., 1995) ; hence, the broilers require lower ambient temperatures (AT) to maintain their normal BT and to fully express their genetic potential for rapid growth (Cahaner, 2008) . With the limited availability and rising cost of energy, cooling broiler houses is becoming an economic and political burden on broiler production in developed countries as well (Nardone et al., 2010) . Therefore, breeding for adaptation to heat should become a strategic goal. The rate of sensible (dry) heat dissipation is determined by the feathers' insulation (Yahav et al., 2005) . This insulation is advantageous in slow-growing chickens or when broilers are reared under cool conditions (e.g., Leeson and Walsh, 2004) . However, in high-GR broilers under hot conditions, the feather coverage negatively affects thermoregulation because it hinders the dissipation of excessive internal heat and consequently leads to undesirable elevations in BT (Deeb and Cahaner, 1999; Yahav et al., 2005) . Many studies have proven the expected advantages of reduced feather coverage but have shown that partial reduction (i.e., naked neck broilers) leads to only partial alleviation of the heat's negative effects (reviewed by Cahaner, 2008) . Abbott and Asmundson (1957) reported a recessive mutation, called scaleless, that blocks feather formation in homozygous sc/sc chickens. The mutant gene was recently found to be fibroblast growth factor-20 (Wells et al., 2012) . This spontaneous mutation was found in the New Hampshire breed, which is characterized by substantially lower GR and BW than those of commercial broilers. In the late 1970s, experimental featherless broilers were derived from a cross between the scaleless mutant and commercial broilers of that time. Under hot conditions, the GR, and carcass composition of these featherless birds were superior to those of their feathered counterparts (Somes and Johnson, 1982) . However, these effects were small because the GR of the birds in that study was very low; hence, practical use of featherless broilers was still not considered an option.
The development of a new experimental population of featherless broilers was initiated at the Hebrew University Faculty of Agriculture (Rehovot, Israel) in 2002. Males from the original New Hampshire scaleless line (sc/sc) were mated with females from contemporary high-GR broiler stocks and the +/sc male progeny were repeatedly backcrossed to females from contemporary broiler stocks (Cahaner, 2008) . After 1 cycle of backcross, the featherless birds were markedly superior to their fully feathered and naked-neck sibs under hot conditions . After 2 additional cycles of backcross, mean GR and BW of the featherless broilers and their feathered sibs were further elevated but were still considerably lower than those of contemporary commercial broilers under normal (comfortable) conditions (Azoulay et al., 2011) . Under hot conditions in both studies, only the featherless broilers maintained normal BT, and consequently their mean GR and final BW were not depressed by heat, in contrast to the means of their feathered sibs and the contemporary commercial broilers.
Two early studies suggested that breast meat yield increases as feather coverage decreases (Cahaner et al., 1987 (Cahaner et al., , 1993 . In agreement with this finding, breast meat yield of featherless birds was much greater than that of their feathered counterparts and contemporary broilers, mainly under hot conditions but also under normal conditions Azoulay et al., 2011) . Results from Cahaner et al. (2008) also suggested that greater oxygen-carrying capacity (larger hearts and higher hematocrit levels) contributes to the greater breast meat yield in featherless broilers.
Our hypotheses were that (1) lack of feathers contributes to higher breast muscle yield and better meat quality, particularly when broilers are reared under hot conditions, and (2) these differences are due, at least in part, to higher cardiovascular capacity. In this study, GR, BW, breast muscle yield, BT, cardiovascular parameters, and 2 main meat-quality parameters (color and water-holding capacity) were evaluated in featherless broilers and their feathered sibs, as well as in contemporary commercial broilers, reared under normal and hot conditions in 2 different trials.
MATERIALS AND METHODS

Experimental Design
This study consisted of 2 similar trials (trial 1 and trial 2). The birds used in both trials were the progeny of intermating among sc/sc sires and +/sc dams. Thus, the progeny of each dam segregated to 1/2 featherless (homozygous sc/sc; termed here featherless) and 1/2 normally feathered (heterozygous +/sc; termed here feathered). All birds from both genotypes/phenotypes shared the same average genetic background. The featherless parents of the birds in both trials were the progeny of 4 backcross cycles to fast-growing contemporary broiler stocks. A group of contemporary fastgrowing commercial broilers (termed here, commercial) was also included in each trial as an industry reference. After hatch in both trials, male and female chicks from all groups were brooded intermingled on deep litter at a stocking density of 15 birds/m 2 , with 23 h/d of standard lighting and ad libitum feeding of commercial diets. The brooding temperature regimen started with 35°C for the first 3 d after hatch, followed by a gradual reduction to 32°C on d 11. On this day, the broilers were divided into 2 AT treatments: constant 32 ± 1°C (hot), and constant 26 ± 1°C (control) from d 21 onward. Relative humidity was about 70% in both treatments in both trials. The AT treatments were replicated in the 2 trials, and within trial each AT treatment was applied to replicated birds but in a single room, as was done successfully in many similar studies with these 2 AT treatments in the same facilities (e.g., Cahaner, 1999, 2001; Cahaner et al., 2008; Tzur et al., 2010; Azoulay et al., 2011) .
In trial 1, 60 random birds from each group (featherless, feathered, commercial) were equally divided between the 2 treatments and randomly assigned to individual cages. On d 44, between 16 to 20 birds per group from each treatment were slaughtered. In trial 2, around 30 random birds from each group were assigned to each treatment, and within treatment the birds from all 3 groups were reared intermingled on deep litter. Between 8 to 15 birds per group and treatment were slaughtered on d 47, and similar numbers were slaughtered on d 54. The slaughtered birds in all 3 cases were selected to represent all the variation in BW within each group/AT combination. Animal care and experimental procedures were approved by the Animal Welfare Committee of the Hebrew University Faculty of Agriculture.
Measurements
At the end of trial 1 (d 44), BT was measured by inserting a digital thermometer into the cloaca. The birds were individually weighed after 10 h of feed withdrawal, killed (according to the rules of kosher slaughtering), plucked, and eviscerated. The carcasses of all birds, including the featherless ones, were free of downgrades. The carcasses were stored at 4°C for 24 h, after which breast muscles (pectoralis major and pectoralis minor) were deboned from each carcass (by a single operator) and weighed. The sex of each bird was confirmed by the presence of ovary or testicles, and the heart was removed and weighed. In trial 2, the same slaughter procedure was applied at 2 ages, 47 and 54 d.
Meat Quality. Two meat-quality parameters were examined.
Color. Color was measured immediately after deboning, on the ventral side of the pectoralis major, using a Minolta spectrocolorimeter with the CIELAB (L*, a*, b*) system. Lightness (L*) is determined from the relationship between reflected and absorbed light; a* indicates redness (positive values) or greenness (negative values); b* indicates yellowness (positive values) or blueness (negative values). At the second slaughter (54 d) in trial 2, L*, a*, and b* colors were also measured on the inner part of the thigh muscles.
Drip Loss (Water-Holding Capacity). After the color readings, the breast meat muscles of each bird were packed in individual plastic bags and stored for 48 h at 4°C. After this storage period, the deboned breast muscles of each bird were wiped of all excess fluids and weighed. Drip loss from the breast meat (pectoralis major and minor) was calculated from the difference in meat weight before and after the 48 h cold storage and expressed as a percentage of muscle weight immediately after deboning.
Blood Hematocrit
Samples of blood were taken from the broilers selected for slaughter in trial 2, one day before slaughter (i.e., at 46 or 53 d). Blood samples with anticoagulant (0.1 M EDTA) were centrifuged to separate the red cells from the plasma. Hematocrit values were calculated from the volumetric ratio of packed red cells to total blood sample, expressed as a percentage.
Statistical Analysis
The data from trial 1 were subjected to 3-way fullfactorial ANOVA with 3 genetic groups (featherless, feathered, commercial), 2 AT treatments (control vs. hot), 2 sexes, and all of their interactions. The data from trial 2 were subjected to a 4-way full-factorial ANOVA with the same 3 factors, and age (47 or 54 d) as the fourth factor, and all possible interactions. There were no significant interactions with sex (both trials) and neither with age (trial 2), but group × AT interactions were significant for many measured traits, hence group means of males + females by AT treatment were tested and presented in the tables. The group means within each AT treatment were compared by TukeyKramer test, and Student's t-test was used to compare the 2 AT treatment means within each group. Statistical analyses were conducted using JMP software (SAS Institute, 2009) .
RESULTS
BW
In the control AT treatment (26°C) in both trials, BW means of the commercial broilers were similar to the expected performance of contemporary broilers and higher than those of the other groups (Table 1) . Mean BW of the feathered group at 44 d in trial 1 was 14% lower than that of the commercial broilers (2,117.6 vs. 2,446.1 g, respectively). In trial 2 at older ages (averaged over 47 and 54 d), the difference between the means of these 2 groups increased to 16% (2,466.5 vs. 2,922.3 g). Mean BW of the featherless broilers in the control AT was similar to that of their feathered counterparts in trial 1, and lower by about 200 g in trial 2.
In the hot treatment (32°C) in trial 1 (d 44), BW means of the 2 groups of broilers with feathers were significantly lower (by 14 and 20% in feathered and commercial, respectively) than their counterparts in the control treatments (Table 1 ). The heat-induced depression in BW gain was higher (by 21 and 26% in feathered and commercial, respectively) at the older ages (averaged over 47 and 54 d) in trial 2. In contrast to the broilers with feathers, the featherless broilers tolerated the hot AT treatment; their BW means were similar in the 2 treatments in both trials and at any of the slaughter ages. These differences in the heat effect on the 3 groups resulted in highly significant group × AT interactions in both trials (Table 1 ). In trial 2 there was also a moderately significant AT × age interaction on BW. This interaction could be expected because heat reduces GR, hence the larger heat effect on commercial than feathered resulted in reduced difference between their means at 54 d (2,243 vs. 2,117 g, respectively) compare with 47 d (2,090 vs. 1784 g).
Breast Meat Yield
In the control AT treatment, mean breast meat weight of the feathered broilers was significantly lower (by about 17 and 22% in trials 1 and 2, respectively) than that of the commercial broilers (Table 1) , reflecting the difference in genetic potential for this trait between the contemporary broilers and the experimental population segregating for the sc mutation. Mean breast meat weight of the featherless broilers was higher than that of their feathered sibs by about 13% (405.6 vs. 355.5 g and 514.7 vs. 455.7 g in trials 1 and 2, respectively). Mean breast meat yield (% of BW) of the featherless broilers was substantially higher than their feathered sibs as well as the commercial broilers at both trials (Table 1) .
The hot AT treatment significantly reduced mean breast meat weight of the 2 feathered groups in both trials ( Table 1 ). The heat-induced reduction in breast meat weight was larger than the reduction in BW, as reflected in the significant reduction in breast meat yield (% of BW) in the 2 feathered groups. Breast meat weight in the featherless broilers was modestly affected by the hot treatment (significantly only in trial 2), hence their mean breast meat yield was the highest among all groups. The similar ranking of mean breast meat yield of the 3 groups in the 2 AT treatments resulted in a nonsignificant group × AT interaction (Table 1) .
Meat Quality
Drip Loss. In trial 1 under the control AT treatment, the featherless and commercial broilers had similar mean drip loss, significantly lower than that of the feathered sibs (Table 2 ). The hot treatment in this trial elevated the mean drip loss of the feathered and commercial groups by approximately 50%, whereas no such elevation was observed in the featherless broilers. The latter's mean drip loss in the hot treatment (4.0%) was significantly lower than that of the 2 other groups, and similar to the mean of their counterparts in the control treatment, resulting in a highly significant group × AT interaction (Table 2) .
In trial 2, the featherless broilers exhibited the lowest drip loss at both 47 and 54 d of age, under both AT treatments. Mean drip loss over ages under control conditions was about 2.2% in the featherless group and 4.2% in the 2 groups with feathers. Thus, weight loss due to exudation of liquids during cold storage was lower by 2% (of breast meat weight) in the featherless broilers. The hot treatment increased drip loss by a similar magnitude in the 3 groups at both trials (Table  2) . Thus, compared with the feathered and commercial broilers, the featherless ones maintained the same advantage (lower weight loss by about 2% of fresh breast meat weight) under hot conditions as well.
Meat Color. A Minolta spectrocolorimeter was used to examine the breast muscle colors with the CIELAB system ( Table 2) .
Lightness. In both trials and 2 AT treatments, the similar mean breast meat lightness (L*) of the feathered and commercial broilers was significantly higher (i.e., lighter) than the corresponding means of the featherless broilers ( Table 2 ). The 2 AT treatments did not produce any significant differences in any of the groups or slaughter ages. In trial 2 (on 54 d), thigh meat color was also measured. As could be expected, the darker thigh meat exhibited lower lightness values in the 3 groups under both AT treatments. As with breast meat, within each of these 6 group × treatment combinations, lightness of the featherless group was significantly lower than that of the 2 other groups, with no significant effect of AT treatment and no group × AT interaction. Redness. In all group × treatment combinations, mean breast meat redness (a*) of the featherless broilers was significantly higher than the similar means of the feathered sibs and the commercial broilers ( Table  2) . Means of breast meat redness were very similar to corresponding means of thigh meat (trial 2, 54 d), despite the latter's darker appearance. As in breast meat, mean thigh meat redness of the featherless broilers was much higher than those of the 2 groups of feathered broilers within each AT treatment (Table 2) . Only in the featherless group, the 2 AT treatments differed significantly, apparently due to higher mean redness under control conditions.
Yellowness. No differences were found between groups or treatments for the yellowness (b*) parameter; hence, data are not shown.
BT and Cardiovascular System
BT. Body temperature means of the featherless broilers were significantly lower than the means of the 2 groups with feathers in both trials and the 2 AT treatments (Table 3) . However, the hot treatment significantly increased BT only in the 2 groups with feathers; therefore, their means in this AT treatment were much higher (by about 1.5 and 1.0°C in trial 1 and 2, respectively) than mean BT of the featherless broilers, whose BT was not elevated by the higher AT.
Heart Weight. Heart weight means varied between ages and treatments, reflecting the effects of age and temperature (control and hot) on BW (Table 3) . Group means of relative heart weight (% of BW) ranked similarly at both trials within the 2 AT treatments. The 2 groups with feathers had similar means in each treatment, averaging 0.445 and 0.390% in the control and hot treatments, respectively. The featherless broilers had significantly larger hearts, averaging 0.645 and 0.525% (of BW) in the control and hot treatments, respectively.
Hematocrit. Hematocrit levels were determined only in trial 2. At both ages (47 and 54 d) under the 2 AT treatments, mean hematocrit of the featherless broilers was significantly higher than that of their feathered sibs, approximately 36 vs. 31% and 30 vs. 27% under control and hot treatments, respectively (Table 3 ). The commercial broilers exhibited the lowest hematocrit values (28.1%) under control AT, and values similar to the feathered group under hot AT. The hot treatment significantly decreased mean hematocrit levels at both ages in all 3 groups, but these effects differed in magnitude leading to a significant group × AT interaction (Table 3) .
DISCUSSION
Growth
Commercial broiler production under hot conditions is associated with economic losses due to reduced meat yield and poor meat quality. This study shows for the first time that lack of feathers is advantageous not only for overall performance and breast meat yield but also for meat quality in broilers, especially when reared under hot conditions. The overall performance of the commercial broilers in the control treatment reflected their advanced genetic potential for rapid growth and high breast meat yield, a consequence of the continuous commercial selection with an emphasis on these 2 traits. The featherless broilers and their feathered sibs were derived from New Hampshire scaleless mutants, and because there were only 4 cycles of backcross to contemporary broiler stocks, the genetic potential of the sc-carrying experimental population was still expected to be significantly lower than that of the commercial broilers. Indeed, in the control treatment these 2 groups exhibited a markedly lower mean BW than that of the commercial broilers at all slaughter ages.
Being progeny of the same +/sc hens, all of which had been mated to the same group of sc/sc males, the featherless broilers (sc/sc) and their feathered sibs (+/ sc) in these trials shared the same average genetic potential. Indeed, under the control conditions these 2 groups reached similar mean BW, in agreement with Cahaner et al. (2008) and Azoulay et al. (2011) . Thus, any differences between the featherless and feathered groups would reflect the net effect of being without feathers.
The heat-induced elevation in BT of feathered broilers (Table 3 ) and the consequent depression in feed consumption led to significant reduction in GR and in BW in this study, in agreement with numerous previous studies (e.g., Geraert et al., 1996; Cooper and Washburn, 1998; Tzur et al., 2010) . In featherless broilers, the lack of feathers facilitates dissipation of excess metabolic heat and therefore under hot conditions their BT was not elevated, in agreement with Cahaner et al. (2008) and Azoulay et al. (2011) . Consequently, in both trials in the present study, there was no significant heat effect on mean BW of the featherless group, corroborating our previous studies Azoulay et al., 2011) . With their enhanced capacity for heat dissipation and consequent heat tolerance, mean BW of the featherless broilers in the hot treatment was always higher than that of their feathered sibs, and higher or similar to that of the commercial broilers, despite the latter's higher genetic potential for rapid growth.
Breast Meat Yield
The featherless broilers exhibited the highest breast meat yield (% of BW), significantly different from their feathered sibs in both AT treatments. These results, and similar ones reported previously Azoulay et al., 2011) , indicate that the lack of feathers leads to larger breast muscles, possibly due, at least in part, to the availability of more nutrients that would otherwise be used for feather growth (Tzur et al., 2010) . It should be noted that feathers' weight accounts to only 3 to 4% of the live BW of contemporary commercial broilers at marketing (A. Cahaner, unpublished data), thus breast meat yield, as a percentage of feather-free BW of commercial broilers averaging 2.5 kg of live BW and 20% breast meat yield, would increase by only 0.7% (100 × 500 g/(0.965 × 2,500 g = 20.7%), far less than the observed differences in breast meat yield between the featherless broilers and their feathered sibs (Table 1) .
The contribution of reduced feather coverage to higher breast meat yield has been suggested previously for standard broilers (Cahaner et al., 1987) and for naked neck broilers (Cahaner et al., 1993) . This advantage was manifested to a greater extent under hot conditions, which depress feed intake in modern broilers (Deeb and Cahaner, 2001 ). Indeed breast meat yield of the broilers with feathers (feathered and commercial) was significantly reduced by the hot treatment at all Table 3 . Least squares means of body temperature (temp.), heart weight (absolute and % of BW), and hematocrit 1 in trial 1 (age 44 d) and trial 2 (ages 47 and 54 d combined) of broilers from 3 groups (featherless, feathered, commercial) slaughter ages in both trials. In contrast, feed intake of featherless broilers is not depressed under hot conditions (Tzur et al., 2010) . Accordingly, the featherless group reared under hot AT in the present study maintained their superior breast muscle growth and had the least heat-induced reduction in breast meat weight and yield. Differences in breast weight between genetic groups may reflect differences in hyperplasia, hypertrophy, or both (Scheuermann et al., 2004; Berri et al., 2007) . To assess the relative contribution of hyperplasia versus hypertrophy to the difference in breast meat yield between broilers with and without feathers, Hadad et al. (2014) evaluated breast muscle development during incubation and the first week posthatch, and performed morphometric analyses of breast muscle to marketing age.
Cardiovascular System
The cardiovascular system plays a crucial role in adequate muscle metabolism (Hoving-Bolink et al., 2000) . Under hot conditions, blood vessels undergo vasodilatation in the peripheral areas to aid in heat dissipation, apparently resulting in less blood being diverted to the deep breast muscles (Yahav et al., 1997 (Yahav et al., , 2005 . Moreover, hot conditions decrease blood hematocrit levels, thus reducing its oxygen-carrying capacity (Yahav et al., 1997) . Within each group in the present study, the hot AT treatment reduced hematocrit levels at both slaughter ages (d 47 and 54). However, the featherless broilers exhibited the highest hematocrit values under both AT treatments, whereas the 2 feathered groups had lower, similar values. The featherless broilers also exhibited the largest hearts (absolute weight and % of BW) in both AT treatments, probably in association with the differences in hematocrit value. Heart weight has been described as an indicator of adaptation to changes in hematocrit because in broilers with thicker blood (higher hematocrit value) the heart becomes bigger as it must work harder to push the blood through the vascular system (Yahav et al., 1997) . Cahaner et al. (2008) suggested that relative heart weight (% of BW) and hematocrit level reflect the actual AT as felt by the broilers. In the present study, the AT in the control treatment (26°C) lay within the thermoneutral zone for the feathered and commercial broilers. However, for the featherless broilers lacking the insulating feather coverage, an AT of 26°C was probably below their thermoneutral zone (reflected in lower mean BT) apparently led to the typical effects of low AT: elevated hematocrit and larger hearts. The AT in the hot treatment (32°C) was higher than the thermoneutral zone for the broilers with feathers (feathered and commercial), as reflected by their above-normal BT, lower hematocrit, and reduced heart size. For the featherless broilers, however, the hot AT was apparently inside their thermoneutral zone, as reflected by their normal mean BT and hematocrit means that were similar to those of the feathered and commercial broilers at the control AT (26°C).
In contrast to the AT and group effects on hematocrit, relative heart weights of the featherless broilers, although reduced by the hot treatment, were higher than those of the broilers with feathers in the control treatment (Table 3) . These results suggest that factors additional to the actually sensed AT are responsible for the larger hearts in the featherless broilers. It is suggested that increased capillary density in the muscles of the featherless broilers (Hadad et al., 2014) , also reflected by higher breast and thigh redness in the present study (Table 2) , elevated the blood-pumping workload and thus contributed to their larger hearts (Yahav et al., 1997) . The combination of higher hematocrit values and larger hearts suggests that higher oxygen-supply capacity could be associated with higher breast meat yield of the featherless broilers, especially under hot conditions.
Breast Meat Quality
An insufficient supply of oxygen and nutrients can reduce not only growth, but also the integrity of the breast muscles, leading to myopathy and poorer meat quality (Woelfel et al., 2002; Sandercock et al., 2006) . Preslaughter damage to the breast muscle myofibers leads to high drip loss (Petracci et al., 2010) and high lightness values (Sandercock et al., 2001 ). This cascade of effects results in increased incidence of breast meat characterized as pale, soft, and exudative (Sandercock et al., 2001) . In view of the well-established association between pH, glycolytic potential, drip loss, and lightness (Berri et al., 2001 (Berri et al., , 2005 , only the 2 latter parameters, both with direct effects on meat quality at marketing (weight loss) and consumer (juiciness) levels, were measured in this study.
In both trials and 2 AT treatments, mean % drip loss of the featherless broilers was lower (i.e., less exudation) than the corresponding means of the 2 broiler groups with feathers. The hot conditions increased drip loss in all groups, in agreement with a previous report (Feng et al., 2008) . However, the mean drip loss of the featherless broilers in the hot treatment was lower not only compared with their feathered counterparts, but also compared with the broilers with feathers in the control treatment (Table 2) . Lightness has been reported to be positively correlated with % drip loss (Woelfel et al., 2002) . Indeed, this association was manifested under each AT, with the featherless broilers exhibiting less pale and less exudative meat. These results suggest better muscle metabolism in the featherless broilers, especially under hot conditions, possibly due to the better cardiovascular system and superior oxygen and nutrient supply compared with their counterparts with feathers.
The 2 groups of broilers with feathers exhibited similar means of redness across the 2 AT treatments, whereas mean redness was significantly higher in the featherless breast meat and thigh meat (Table 2) . Redness reflects the level of heme-containing iron in the myoglobin in muscles, and hemoglobin in red blood cells remaining in the muscles' capillaries (Boulianne and King, 1998) . The higher meat redness in the featherless broilers can be attributed to their higher hematocrit values (more red blood cells per unit of capillary volume), higher capillary density in the muscles (Hadad et al., 2014) , or both. Either way, the higher redness in the featherless broilers indicates higher capacity to supply oxygen to the muscles, and thus better support for muscle growth, under hot conditions as well.
In summary, in contrast to standard (feathered) broilers, GR, BW, and breast meat yield of the featherless broilers were barely reduced by hot conditions. Moreover, there were hardly any significant heat effects on breast meat quality of the featherless birds, as indicated by meat color and drip loss. It is proposed that the higher meat yield and better meat quality of the featherless broilers can be attributed to their larger hearts and higher hematocrit levels, and consequently superior cardiovascular capacity to supply oxygen to the muscles. In addition, nutrients directed to the feathers in standard (feathered) broilers are probably mobilized toward muscle growth and consequently increased meat production. On the practical side, the results of the present study clearly indicate that modern featherless broilers reach normative BW as well as yield and quality of breast meat under hot conditions as well. Moreover, whereas the above-normal BT of the broilers with feathers indicates that they suffer from the heat, the normal BT of the featherless broilers in this study and previous ones Azoulay et al., 2011) suggests that their welfare is not compromised under hot conditions. Therefore, it appears that broiler meat production in regions where hot conditions prevail in the broiler houses during days and nights can be substantially improved by introducing the featherless gene into contemporary commercial broiler stocks. This has become more feasible with the recent finding of the causative mutation responsible for the featherless phenotype (Wells et al., 2012) and the development of a simple DNA test to identify carriers of this recessive mutation.
